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Purpose: We investigated the role of individual and community level factors on diabetes screening test
behavior.
Methods: We used individual-level data from 170,193 adults aged 30 years or older who were not
diagnosed with diabetes and participated in the 2009 community health survey. Community-level data
includes 253 communities and were collected from various national statistics. Multilevel logistic
regression analysis was conducted.
Results: The rate of diabetes screening within the year prior to this study was 53.2%. Community variance
of Model I, Model II and Model III was 0.236, 0.252 and 0.238, respectively. The proportional change in
variance of Model II and Model III was e6.8% and e1.2%. The odds ratio for participation of diabetic
screening of areas with bottom ﬁnancial independence compared to areas with top was 0.84 (95%
conﬁdence interval, 0.74e0.96); the odds ratio of areas with top internist compared to areas with bottom
was 1.15 (95% conﬁdence interval, 1.01e1.31).
Conclusion: This study identiﬁed a contextual effect inﬂuencing the participation of Korean adults in
diabetes screening. It is necessary to develop speciﬁc policies that consider not only individual factors,
but also community factors relating to individual behaviors to increase the likelihood of diabetes
screening.
Copyright  2013, Korean Society of Nursing Science. Published by Elsevier. All rights reserved.Introduction
The prevalence of diabetes has dramatically increased from 1.5%
in 1971, 7.6% in 2001 to 7.7% in 2005 (Kim et al., 2006b; Korean
Diabetes Association, 2007). In addition, approximately a third to
half of diabetes patients go undiagnosed, and about a third of type II
diabetes patients are diagnosed with complications (Lee et al.,
2009). Early diagnosis and subsequent treatment through dia-
betes screening can delay its development and prevent complica-
tions. Screening for the early detection of diabetes is a major task of
primary health care, and all public health centers have been car-
rying out screenings for the inhabitants in Korea., Department of Preventive
2 Danwol-dong, Chungju-si,
rean Society of Nursing Science. PAn individual’s health is determined by their individual char-
acteristics, their health behaviors and their environment (Jung &
Cho, 2011). To some extent, factors such as where they live, the
state of their environment, their income and education level, their
relationships with friends and family, and access and use of health
care services all have impacts on their health and behaviors. How
can we estimate the extent to which individual and community
factors affect health behaviors? For example, the national health
screening rate in Korea has increased every year from 62.1% for
ofﬁce workers and 29.4% for local residents in 2003 to 78.3% and
39.4% in 2008. At the same time, screening rates have shown large
variations according to location (based on city, county, and district),
with the greatest rate for ofﬁce workers being 96.4% and the lowest
rate being 62.5%, and the greatest rate for local residents being
77.2% and the lowest rate being 25.6% (Press release of audited
government ofﬁces, 2009).
Multilevel analysis is a statistical method that uses hierar-
chically structured data. It includes observed values of higherublished by Elsevier. All rights reserved.
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individual) and considers the effects of two different levels on
individual outcomes (Diez-Roux, 2000). It has been used in many
studies to identify the contextual effect of the local community on
many health related issues such as death rate (Kim & Yoon, 2008;
Yoon, 2003), medical services use (Jung, Kwon, Kim, Lee, & Kim,
2010; Kim & Cho, 2007), health behaviors (Jang, 2011; Kim, Yun,
Kim, & Khang, 2006a), and breast cancer examinations (Lee,
2011). However, there has been no research on the community
inﬂuences on diabetic screening behavior in Korea.
The purpose of this study is to identify the contextual effects of
community on diabetes screening behavior using the analysis of
hierarchically structured data with multilevel modeling methods.
Methods
Study design
This was a cross-sectional study using secondary data for a
multiple level analysis.
Setting and samples
Both individual-level and community-level data were obtained.
Collection of individual-level data used the 2009 Community
Health Survey (CHS), which has been conducted annually since
2008 on individuals aged 19 years or older in 253 regions around
the country (Ministry of Health and Welfare, 2009). The CHS has a
two-stage sampling process: (a) selecting a sample area (tong/ban/
ri), which is a primary sample unit selected according to the
number of households in each dong/eup/myeon (the smallest
administrative unit) using a probability proportional to the sam-
pling method, and (b) selecting sample households using a sys-
tematic sampling method, where the number of households in the
selected sample (tong/ban/ri) is identiﬁed to create a household
directory. These methods are used to ensure that the sample units
are representative. Among 230,715 CHS participants, 170,193 were
included in the individual-level analysis. The remaining 60,552
were excluded because they were aged less than 30 years
(n ¼ 30,733), diagnosed with diabetes (n ¼ 16,612), or did not
properly answer the survey with missing data (n ¼ 13,207).
The community-level data source of 253 communities came
from the Korean Statistical Information Service for the proportion
of aged people (Korean Statistical Information Service, 2008). Data
collection was public health center based. It included the 2008
Local Government Statistical Year Book for ﬁnancial independence,
health institution counts, and internist counts (Seoul Metropolitan
Government, 2008), and data from the 2009 CHS for unemploy-
ment rates, diabetic screening rates and diagnosed diabetes rates
(Ministry of Health and Welfare, 2009). Overall, data from 253
communities were subjected to community-level analysis. When
one administrative unit had two public health centers, they were
treated as a single unit.
Ethical considerations
This study design was approved by the institutional review
board of Korea Centers for Disease Control and Prevention (ID:
2010-02CON-22-P).
Data collection
Community social capital affects health (Mohnen,
Groenewegen, Völker, & Flap, 2011; Van, Droomers, Deerenberg,
Mackenbach, & Kunst, 2008), but the mechanism by which it hasan effect on an individual’s health is not clear. Some studies have
explained that it had two steps: the ﬁrst is the positive inﬂuence of
community social capital on health-related individual behavior
(smoking, alcoholic consumption, physical activity) and the second
is effect of changed health behavior on health (Mohan, Twigg,
Bernard, & Jones, 2005; Poortinga, 2006). In addition to social
capital, socioeconomic features of the community, physical envi-
ronment, health policy, and medical service supplyerelated envi-
ronmental factors have independent inﬂuences on an individual’s
health behaviors (Pollack et al., 2007). No study to date focused on
the effect of these elements on diabetic screening behavior.
Based on some studies (Bae et al., 2008; Kang, You, & Kwon,
2009; Korea Center for Disease Control and Prevention, 2010),
sex, age, education, spouse, job income, smoking, exercise, obesity
and hypertension were selected as individual-level variables
related to diabetic screening. Among the indices on community, the
proportion of the aged population, unemployment rate, the
ﬁnancial independence of the local government, the number of
medical institutions, the number of internists, and the rate of
diagnosed diabetes were selected as community-level variables.Measurements
Variable of diabetic screening behavior
As a dependent variable, participation in diabetes screening was
deﬁned as whether blood sugar level was measured within 1 year
prior to the date of 2009 CHS survey (examinee & non-examinee for
diabetes screening).
Individual variables
Individual variables included demographic features such as
gender, age, education, marital status, job status, and monthly
family income, and health-related features such as smoking status,
regular exercise, body mass index (BMI), and hypertension. Edu-
cation level was based on graduation; dropping out and leaving
school were not considered as having graduated. Job status was
deﬁned as four groups, employer (or self-employed), paid-worker,
nonpaid worker, and others (e.g., student, housewife, unemployed).
Income level was based on the average income of a two-person
family in 2009 (3.04 million won). Those with an income below
50% of the average were classiﬁed as lower class, 50e150% were
classiﬁed as middle class, and greater than 150% were classiﬁed as
upper class. Exercise is a binary variable indicating those who ex-
ercise more than 30 minutes per workout, 5 days a week and those
who do not. Using height and weight, we calculated the BMI which
was classiﬁed into two categories: normal or healthy weight
(BMI < 25.0 m2/kg) and obese (BMI > 25.0 m2/kg).
Community variables
The proportion of the aged population was the proportion of
people aged 65 years or older among registered residents. The
unemployment rate was the proportion of people aged less than 65
years who were unemployed and seeking a job according to the
2009 CHS. Financial independence of the local government was
calculated by dividing the sum of local taxes, nontax receipts, local
grant taxes, control grants, and local share taxes by the total budget
of general accounts. The number of internists was the number of
internists per 100,000 people. The number of health institutions
was the number of health organizations, general hospitals, hospi-
tals, and clinics per 100,000 people. The rate of diagnosed diabetes
was the proportion of people who were diagnosed with diabetes
and were aged 30 years or older according to the 2009 CHS. The
community variables were classiﬁed into top and bottom, with the
median value as the standard.
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Three different models were established to analyze the data
(Bickel, 2007; Gelman & Hill, 2007; Twisk, 2006). Model I (empty
model) did not include explanatory variables, and estimated the
community variance. In using this model, we simply aimed to
identify a possible contextual phenomenon that could be quanti-
ﬁed by clustering screening rates within community (Merlo, Chaix,
Yang, Lynch, & Rastam, 2005). The intercept of the regressionmodel
was the screening rate value for people with value 0 for all
explanatory variables considered and with an average community
effect. Through these models, we could determine differences be-
tween community (ﬁxed effect) and the size of the contribution to
the difference in dependent variables (variance of variables) clas-
sifying 253 communities. Fixed effects and random effects are ex-
pressions that are often used in multilevel logistic regression
analysis. Essentially, ﬁxed effects are used for model averages (e.g.,
means or regression coefﬁcients), whereas random effects are used
for difference among neighbors (e.g., community variance) (Diez-
Roux, 2002). Model II (Individual-level model) expanded upon
Model I by including individual variables, such as sex and age as
ﬁxed effects. Thus, Model II could evaluate the extent to which
community-level differences were explained by the individual
composition of the areas. Model III (mixed model) incorporated
both individual and community variables into Model I.
The three equation of multilevel logistic regression are as fol-
lows: In model I, the probability of participating in diabetic
screening is only a function of the community in which the study
population live.
LogitðPiÞ ¼ log odds ¼ log

Pi
1 Pi

¼ Mþ EA
Pi ¼ probability of participating in diabetic screening.
M ¼ overall mean probability (prevalence) expressed on the
logistic scale.
EA ¼ residual of community. The area level residuals are on the
logistic scale and normally distributed with mean 0 and vari-
ance VA. where VA is the community residual variance expressed
on the logistic scale.
In model II, the probability of participating in diabetic screening
is a function of the community, residence, the people and the in-
dividual variables (e.g., sex, age, and education).
LogitðPiÞ ¼ Mþ b1sexi þ b2agei þ b3edui þ EA
b1, b2, b3 ¼ regression coefﬁcients for the individual covariates.
In model III, the probability of participating in diabetic screening
depends on the residential area of the individuals, on the individual
variables, and on the community variables such as ﬁnancial
independence.
LogitðPiÞ ¼ Mþ b1sexi þ b2agei þ b3edui þ b4fiAþEA
b4 ¼ regression coefﬁcient for the community level such as ﬁ
(ﬁnancial independence).
Multilevel logistic regression analysis calculates the odds ratio
among explanatory variables, 95% conﬁdence intervals (95% CI),
community variance and its standard error, and proportional
change in variance. Community differences in mean screening rate
may be attributable to contextual inﬂuences or to differences in
the individual composition of community. By adjusting for indi-
vidual characteristics in Model II, we took into account some part
of the compositional differences and explained some of thecommunity variance detected in the empty model (Model I). The
equation for the proportional change in community variance is the
following:
PCVN2 ¼
ðVN1  VN2Þ
VN1
PCVN2 ¼ proportional change in community variance.
VN1 ¼ community variance in the empty model.
VN2 ¼ community variance in the model including individual
characteristics.
The proportional change in variance is often referred to as
explained variance. However, the addition of individual variables in
the model may increase the second-level variance. In cases in
which the community differences are hidden by their individual
composition, the total variance may decrease, but the community
component of the variance increases. Therefore, the term “pro-
portional change in variance” is more appropriate than “explained
variance”.
Data analysis
SAS version 9.2 (SAS Institute, Cary, NC, USA) was used to
analyze data with a signiﬁcance level of 5%. Chi-square analysis
was conducted to identify the differences in diabetes screening
rates by variables. Multilevel logistic regression analysis (proc
glimmix) was conducted to identify whether there were individual
and/or community-level factors that inﬂuenced the diabetes
screening test rate and to calculate their relative contribution.
Multilevel logistic regression was performed on signiﬁcant vari-
ables in the Chi-square test. Pseudo-likelihood technique was used
as the estimation method. We applied the log likelihood ratio test
to ﬁnd the signiﬁcance of variance differences between Model I
and II, Model II and III, and Model III and I. The results yielded the
odds ratios of variables at the 95% CI.
Results
Rate of diabetes screening in study subjects within the past year
The rate of diabetes screening within the past year for the study
subjects was 53.2% (Table 1). The screening rate for menwas 53.5%,
which was higher than that for women (53.0%; p¼ .034). The group
of people aged 60 years or older showed the highest screening rate
of 62.9%; the rate increased with age (p < .001). The rate of middle
school graduates or below was 59.4%, for high school it was 47.7%,
and for university or higher it was 50.0% (p < .001). The group of
participants with a spouse had a screening rate of 54.0%, which was
higher than that of participants without a spouse (50.8%; p < .001).
The screening rate of paid workers was 54.1%, which was higher
than that of unpaid workers (52.8%; p < .001). With respect to
health behaviors, nonsmokers had a diabetes screening rate of
54.6% (p < .001); 55.6% of participants who did medium level of
exercise were screened (p < .001), while obese people had a rate of
57.2% (p < .001), and those who were diagnosed with hypertension
had a rate of 67.7% (p < .001). Diabetes screening rates in areas of
bottom ﬁnancial independence (56.1%) were signiﬁcantly higher
than those in top areas (50.7%; p< .001). Top areas, when compared
to bottom areas showed signiﬁcantly higher diabetes screening
rates when comparing the proportion of the aged population, the
unemployment rate, the number of health andmedical institutions,
and number of internists (p < .001). The rate of diabetes diagnosis
in top areas was 53.5%, signiﬁcantly higher than the bottom areas
(53.0%, p ¼ .025).
Table 1 Participation in Diabetes Screening Test for the Past Year
Item Examinee for diabetes screening Nonexaminee for diabetes screening c2 p
n % n %
Individual level 90,586 53.2 79,603 46.8
Gender Male 42,631 53.5 37,056 46.5 4.47 .034
Female 47,955 53.0 42,551 47.0
Age(yr) 30e39 14,888 38.0 24,254 62.0 6505.66 <.001
40e49 21,755 49.7 22,055 50.3
50e59 21,500 60.3 14,167 39.7
 60 32,443 62.9 19,131 37.1
Education  Middle school 43,144 59.4 29,483 40.6 1992.84 <.001
High school 27,371 47.7 30,030 52.3
University 20,071 50.0 20,094 50.0
Spouse Have 69,245 54.0 58,938 46.0 131.82 <.001
Don’t have 21,341 50.8 20,669 49.2
Job Paid worker 31,661 54.1 26,827 45.9 29.45 <.001
Nonpaid worker 58,925 52.8 52,780 47.2
Income level Lower class 33,987 56.1 26,635 43.9 529.86 <.001
Middle class 44,565 50.5 43,611 49.5
Upper class 12,034 56.3 9,361 43.7
Smoking Smoker 20,148 48.9 21,026 51.1 401.82 <.001
Nonsmoker 70,438 54.6 58,581 45.4
Regular exercise Not doing 77,875 52.9 69,468 47.1 61.19 <.001
Doing 12,711 55.6 10,139 44.4
Body mass index Obese 22,347 57.2 16,749 42.8 315.49 <.001
Normal 68,239 52.1 62,858 47.9
Hypertension Diagnosed 22,191 67.7 10,595 32.3 3410.08 <.001
Non-diagnosed 68,395 49.8 69,012 50.2
Financial independence Bottom 45,139 56.1 35,318 43.9 507.61 <.001
Top 45,447 50.7 44,289 49.3
Proportion of aged population Bottom 43,108 50.7 41,916 49.3 434.93 <.001
Top 47,478 55.8 37,691 44.2
Unemployment rate Bottom 44,324 52.3 40,448 47.7 59.86 <.001
Top 46,262 54.2 39,159 45.8
No. of health and medical institution Bottom 43,878 51.8 40,822 48.2 136.84 <.001
Top 46,708 54.6 38,785 45.4
No. of internist Bottom 44,579 52.1 40,983 47.9 87.33 <.001
Top 46,007 54.4 38,624 45.6
Rate of diagnosed diabetes Bottom 43,555 53.0 38,709 47.0 5.02 .025
Top 47,031 53.5 40,898 46.5
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The average values of the 253 local communities for the six
categories were as follows (Table 2): The diabetes screening rate
was 56.6%, the degree of the local government’s ﬁnancial inde-
pendence was 66.6%, the proportion of the aged population was
14.3%, the unemployment rate was 3.6%, the average number of
health and medical institutions per 100,000 residents was 71.9, the
average number of internists per 100,00 residents was 16.7, and the
rate of diagnosed diabetes was 6.7%.Multilevel logistic regression analysis with individual and
community factors
The result of the multilevel logistic regression analysis is shown
in Table 3. Community variance of Model I, II and III was 0.236,
0.252 and 0.238, respectively. The proportional change in varianceTable 2 General Characteristics of Community Variables
Community level (n ¼ 253) M  SD MineMax
Financial independence 66.6  10.2 36.4e90.4
Proportion of aged population 14.3  7.2 4.8e30.6
Unemployment rate 3.6  1.6 0.1e11.7
No. of health & medical institution 71.9  27.5 10.0e256.3
No. of internist 16.7  14.9 0.0e120.7
Rate of diagnosed diabetes 6.7  1.2 2.9e9.9of Model II and III was e6.8% and e1.2%. Variance differences be-
tween Model I and II, Model II and III, and Model III and I were all
statistically signiﬁcant (p < .001).
In addition to many signiﬁcant individual level variables, some
community characteristics had signiﬁcant effects. The odds ratio for
participation of diabetic screening of areas with bottom ﬁnancial
independence compared to their counterpart was 0.84 (95% CI,
0.74e0.96). The odds ratio of areas with top internist compared to
their counterpart was 1.15 (95% CI, 1.01e1.31).
Discussion
The strength of this study is that it dealt with effect of both the
individual and community on the behavior of diabetes screening
simultaneously. This is the ﬁrst study of its kind in this area. The
traditional model only explained the individual factors on the
behavior of diabetes screening.
The frequency of adults aged 30 years or older, who were not
diagnosed with diabetes and took part in a diabetes screening test
within the previous year was 53.2%. This study revealed that
community-level factors related to high screening rates were
ﬁnancial independence of the local government (lower) and
number of internists (larger) per 100,000 residents. Signiﬁcant in-
dividual factors included age (older), marital status (married), job
status (paid workers), income level (higher), obesity, hypertension,
smoking status, and regular exercise.
Participation rates of diabetic screening in this study were lower
than the rate of national health screening (58.8% conducted by the
Table 3 Results of Multilevel Logistic Regression Analysis
Variable Model Ia Model IIb Model IIIc
OR (95% CI) OR (95% CI)
Fixed effects
Intercept (Standard error) 0.126 (0.031)* 1.208 (0.040)* 1.352 (0.109)*
Individual level
Gender (Female) Male 1.01 (0.98e1.03) 1.01 (0.98e1.03)
Age (30e39) 40-49 1.66 (1.61e1.71) 1.66 (1.61e1.71)
50-59 2.69 (2.60e2.78) 2.69 (2.59e2.78)
60 or older 3.23 (3.11e3.36) 3.23 (3.11e3.36)
Education ( Middle school) High school 0.96 (0.93e0.99) 0.96 (0.93e0.99)
 University 1.18 (1.14e1.22) 1.18 (1.14e1.22)
Spouse (Don’t have) Have 1.22 (1.19e1.25) 1.22 (1.19e1.25)
Job (Nonpaid worker) Paid worker 1.55 (1.51e1.58) 1.55 (1.51e1.58)
Income level (Lower class) Middle class 1.05 (1.02e1.08) 1.05 (1.02e1.08)
Upper class 1.30 (1.26e1.36) 1.31 (1.26e1.36)
Smoking (Smoker) Non-smoker 1.18 (1.15e1.21) 1.18 (1.15e1.21)
Regular exercise (Not doing) Doing 1.08 (1.04e1.11) 1.07 (1.04e1.11)
Body mass index (Normal) Obese 1.18 (1.15e1.21) 1.18 (1.15e1.21)
Hypertension (Nondiagnosed) Diagnosed 1.63 (1.57e1.67) 1.62 (1.57e1.67)
Community level
Financial independence (Bottom) Top 0.84 (0.74e0.96)
Ratio of aged population (Bottom) Top 1.15 (0.97e1.35)
Unemployment rate (Bottom) Top 1.04 (0.92e1.18)
No. of health and medical institution (Bottom) Top 1.05 (0.90e1.23)
No. of internist (Bottom) Top 1.15 (1.01e1.31)
Rate of diabetes diagnosis (Bottom) Top 1.11 (0.97e1.26)
Random effects
Variance of community (Standard error) 0.236 (0.022) 0.252 (0.023) 0.238 (0.022)
Proportional change in variance (%) 6.8 1.2
2 restricted log pseudo-likelihood 731700.7 742484.9 742519.2
pd <.001 <.001 <.001
Note. OR ¼ odds ratio; CI ¼ conﬁdence interval.
*p < .001.
a Model I (Empty model): Exclude explanatory variables.
b Model II (Individual level model): Include individual level variables.
c Model III (Mixed model): Include both individual level and community level variables.
d Log likelihood ratio test for variance difference between Model I and Model II, Model II and Model III, and Model III and Model I.
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audited government ofﬁces, 2009) and lower than the rate of he-
moglobin A1c (78.6%) testing on adults aged 30 years or older with
diabetes (Lee, 2009). This may be because the proportion of paid
workers in the 2008 national health screening was higher than in
the 2009 CHS survey or because study population belonged to a
healthier group for they were not diagnosed with diabetes.
The results in this study were similar to those in other domestic
studies that show older people, those with higher incomes, and
those with higher education levels have higher rates of diabetes
screening (Bae et al., 2008; Kang et al., 2009). However, studies
done in other countries have shown that older people had lower
interest in medical examinations, and decreased participation rates
for diabetes screening, and that people with higher socioeconomic
levels, greater interest in health, and lower risk factors tend to
participate more in medical examinations (Simon, Albright,
Belman, Tom, & Rideout, 1999). This may be because Korea has
strengthened their medical system for the vulnerable, thereby
enabling many medical examinations for the elderly and for people
at high risk for chronic disease. In addition, the medical examina-
tion fee charged by National Health Insurance Corporation is low in
Korea (under US$30) and deductibles for examinations are free.
However, direct costs vary widely depending on insurance types or
service programs and are high. For example, cost of screening for
random plasma glucose is US$5.48, cost of oral glucose tolerance
test to conﬁrm is US$17.99, and health system cost to conﬁrm is
US$518 in Center for Medicare and Medicaid Services in the United
States (Chatterjee, Narayan, Lipscomb, & Phillips, 2010).
After multilevel analysis, variance differences among Model I,
Model II, and Model III were all statistically signiﬁcant. Variance ofcommunity-level factors in Model II was higher than that of
Model I. This indicates that individual variables increase the vari-
ance of community. That is, individual variables strengthened the
difference in variance of community. In Model III, however, the
variance of community decreased to 0.239, which means that
addition of community variables to Model II decreased the differ-
ence in variance of community. That is, community variables of 6
explained 5.6% of variance of community in Model II.
Our results indicate that community-level contextual effects
inﬂuence individual examination rates in addition to compositional
effects of the individual. That is, areas with higher ﬁnancial inde-
pendence showed signiﬁcantly lower screening rates than those
with lower ﬁnancial independence. Based on our results, ﬁnancial
independence does not have a positive relationship with partici-
pation rate of diabetic health screening. Thus, it is desirable to use
direct budget such as welfare budget, public program budget of
public health center instead of ﬁnancial independence. In addition,
the areas with a greater number of internists showed higher
screening rates than thosewith less. This implies that it is necessary
to secure the medical manpower, the internists who can conduct
examinations to increase diabetes screening rates. There were no
community-level relationships found between aged population,
unemployment rate, medical institutions, or the rate of diabetes
diagnosis and diabetes screening rates.
There is no multilevel analysis study that has considered
community-level inﬂuence on diabetes screening rates. Therefore,
it is difﬁcult to compare research methods and results. Recently, a
study on women’s breast cancer screening rates that utilized the
Korean National Health and Nutrition Examination Survey used the
multilevel analysis that was the similar to our approach (Lee, 2011).
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in their Model I, but the variance decreased to 0.034 in Model II,
indicating that individual variables could explain 44.3% of the
community differences in breast cancer screening rates. This is
contradictory to our result that had increased variance in Model II.
In addition, as the proportion of the welfare budget of general ac-
counts increased, the breast cancer screening rate decreased. This is
similar to our ﬁnding that areaswith higher ﬁnancial independence
showed signiﬁcantly lower screening rates than areas with lower
ﬁnancial independence.
In conclusion, people can be affected by social capital which is
deﬁned as the access to resources that are generated by relation-
ships between people in a friendly, well-connected and tightly knit
community (Mohnen et al., 2012). Neighbors have more opportu-
nities for daily contacts because they live very close to each other.
People who live close together might provide “feedback”, which is
essential for developing social behaviors (Hammer, 1983). Norms of
behavior are provided by well-connected communities rather than
one or two close friends (Taylor, Repetti, & Seeman,1997). We think
that well-connected communities should assist individuals using
budget, organization (e.g., public health center) and community
resources (e.g., medical institutions, health professionals) to
improve the health of individuals. Behavior is a result of internal-
ized community norms, imitation, and social feedback (Mohnen
et al., 2012). Finally, we have to foster a community that makes
us improve our health behavior.
This study has the following limitations. First, communities
were classiﬁed based on public health centers that executed local
health policies. Therefore, some of the data generated based on an
administrative district that was used in our analysis did not match
with the community unit of our study. In addition, an individual’s
scope of activity could lie outside the deﬁned community, which
would decrease connectivity with the community. Jung and Cho
(2005) reported that Korea has many different elements in a sin-
gle local unit and that ways of thinking and acting spread fast in
areas with little land and high social density. They added that
residents move frequently and live in one area for a relatively
short period of time, and they also live both in and out of one’s
residence. All of these elements make conceptualization of a
community unit difﬁcult. Therefore, it is necessary to continue to
make use of the concept of community factors that relate to in-
dividual health behaviors or screening rates through various def-
initions of, and approaches to, community. Second, this
investigation points out that individual-level variables and
community-level variables do not match from the viewpoint of
time. That is, community-level data should be evaluated prior to
individual behaviors to evaluate their relationship. However, our
research used data made public in 2009 which reﬂected the status
from 2008. Therefore, there was no clear order of dependent and
independent variables. However, the community variables used in
our study do not suddenly change. Hence, it is appropriate to
identify community features and community-level inﬂuence on
individual behaviors. Third, this study did not include psychosocial
variables of the individual such as attitude, belief, affection, per-
sonal relationship as an independent variable that could be
controlled by intervention. This was a result of our use of sec-
ondary data that did not contain such information. Forth, because
this study used a very large sample, only a small difference would
lead to the statistical signiﬁcance without clinical signiﬁcance. So
it is necessary to identify the clinical signiﬁcance of the results of
this study in the studies that follow.
However, the main purpose of this study is to ﬁnd community
effects, not individual ones. In addition, this study is novel in its
attempt to identify diabetes-related individual-level and
community-level inﬂuences. Future studies will include richerindividual and community-level data that can help identify factors
related to diabetes screening that can be controlled by intervention.Conclusion
This research was conducted to identify factors related to dia-
betes screening behavior using hierarchically structured data with
multilevel modeling methods that considered both individual-level
and community-level variables. This study showed that
community-level factors could affect the participation rates of
diabetic screening for individuals and some of those could be
controlled by intervention. Recently, nurses have played an
important part in community health practice through public health
centers. Nurses who work for public health centers or for policy
making departments within the government should work towards
increasing the participation rates of diabetes screening at the
community level as well as at the individual level.
Our results contribute to the ﬁeld in the following ways: We
found that there are signiﬁcant differences in the rate of diabetes
screening rates according to variables of at the individual and
community level. In addition, individual-level features have a
greater inﬂuence on the diabetes screening rate than community-
level factors. Therefore, individual-level features should be
considered when addressing vulnerable subpopulations. In addi-
tion, the number of internists in a community plays an important
role in the participation in diabetic screening. For the success of the
diabetes early detection project, conducted by most local govern-
ments and public health centers, it is necessary to develop strate-
gies to enhance the likelihood of diabetes screening, including both
individual-level and community-level approaches.Conﬂict of interest
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